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Description 

Technical Field: 

5 [0001] This invention relates to a crystallized glass, and a crystallized glass article, and to a method of manufacturing 
the crystallized glass article. 

Background Technique: 

io [0002] A crystallized glass is a material containing various crystals precipitated in a glass and exhibiting unique 
properties which the glass does not have. For example, precipitation of crystals of p -quartz solid solution or p -spo- 
dumene solid solution provides a crystallized glass having an extremely low thermal expansion or a negative thermal 
expansion. Moreover, the crystallized glass generally has a high mechanical strength as compared with the glass 
because of presence of those crystals. 

15 [0003] In recent years, it has been attempted to precisely form the crystallized glass having such excellent properties 
into the shape of a thin rod, a narrow tube, a thin plate, or the like for application in the field of products, such as 
electronics parts and precision machine parts, which require precise dimensional accuracy. 
[0004] As a method of precisely forming the glass, a forming process called redrawing is known. This process com- 
prises the steps of preparing a glass preform with an adequate precision and heating the glass preform to a temperature 

20 higher than a softening point of the glass to perform draw forming. This process is widely used in successively producing 
those glass products which are required to have high precision. 

[0005] In case of a conventional crystallized glass, however, it is difficult to perform the redraw forming in the manner 
similar to that for the glass due to the following reasons. Specifically, the conventional crystallized glass has various 
problems such as difficulty in softening and deformation, difficulty in drawing because of undesirable increase of de- 

25 vitrification during heating, and wide change in physical and chemical properties caused by variation of the amount of 
crystals dependent on heating. It is therefore proposed to redraw a so-called mother glass, that is, a glass before it is 
processed into the crystallized glass. However, the glass of this kind is designed to be easily crystallized by heating. 
Therefore, heating the mother glass for the redraw forming inevitably causes the undesirable devitrification to occur 
so that not only the dimensions but also the physical and chemical properties are difficult to be controlled. 

30 [0006] Under the circumstances, precise forming of the crystallized glass can not presently be achieved by the redraw 
forming but inevitably requires machining similar to that used for ceramics, resulting in the high cost. 
[0007] In the English abstracts of JP-A-1 -308 845 there is disclosed a Li 2 0-AI 2 0 3 -Si0 2 -based transparent crystallized 
glass for combustion apparatus window. Said glass depositing p-quartz solution as a principle crystal and having £ 
500 A crystal grain diameter in at least the surface layer with < 75 % crystallinity. Composition ranges consisting of 

35 63,0 - 75,0 wt.% Si0 2 , 1 5,0 - 25,0 wt.% Al 2 0 3 , 1 ,0 - 5,0 wt.% Li 2 O p 0 - 4,0 wt.% MgO, 2,1 - 5,0 wt.% ZnO, 1 ,5 - 6,0 wt. 
% Ti0 2 , 0 - 3,0 wt.% Zr0 2 , 3,0 - 9,0 wt.% total amount of Ti0 2 and Zr0 2 , 0 - 2,0 wt.% P 2 0 5 , 0 - 2,0 wt.% Na 2 0 and 0 
- 2,0 wt.% K 2 0 are adopted for said crystallized glass. The above-mentioned surface layer is a layer at a depth within 
the range of 3 ^m from the glass surface and iron exchange action is caused in the surface layer. The purpose of this 
known proposal is to obtain a transparent crystallized glass which is said Li 2 0-AI 2 0 3 -Si0 2 -based glass depositing p- 

40 quartz solid - solution as a principle crystal and excellent in chemical durability by specyfing crystal grain diameter and 
crystallinity of the surface layer. 

[0008] In view of the above-mentioned situation, it is a first object of this invention to provide a crystallized glass 
which can be shaped by the redraw forming. 

[0009] It is a second object of this invention to provide a crystallized glass article obtained by the redraw forming. 
45 [0010] It is a third object of this invention to provide a method of manufacturing a crystallized glass article by the 
redraw forming. 

Disclosure of the Invention: 

50 [001 1] As a result of a great deal of studies repeatedly pursued, the present inventor has specified essential require- 
ments which a redrawable crystallized glass must have, based on the knowledge that the crystallized glass is required 
to have two important conditions, namely, to be easily softened by heating to become drawable and to have a stable 
crystal phase even when it is heated, so as to be formable by the redrawing. 

[0012] A crystallized glass according to the present invention contains precipitated crystals with a maximum grain 
55 size not greater than 5u.m and a glass phase at a ratio of 1 0 to 85 vol%, and which has a softening point lower than a 
melting point of a predominant precipitated crystal, and a property such that crystallization does not substantially 
progress even when heated at a temperature higher than the softening point. 

[001 3] A crystallized glass article according to the present invention is formed by drawing a crystallized glass which 
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contains precipitated crystals with a maximum grain size not greater than 5u,m and a glass phase at a ratio of 1 0 to 85 
vol%, and which has a softening point lower than a melting point of a predominant precipitated crystal, and a property 
such that crystallization does not substantially progress even when heated at a temperature higher than the softening 
point. 

[001 4] A method of manufacturing a crystallized glass article according to the present invention comprises the steps 
of preparing a preform of a crystallizable glass having a property of being transformed into a crystallized glass which 
contains precipitated crystals with a maximum grain size not greater than 5ujn and a glass phase at a ratio of 1 0 to 85 
vol%, and which has a softening point lower than a melting point of a predominant precipitated crystal, then crystallizing 
the preform into the crystallized glass, and performing draw forming by heating it to a temperature higher than the 
softening point. 

[001 5] Another method of manufacturing a crystallized glass according to the present invention comprises the' steps 
of preparing a desired-shaped preform of a crystallized glass which contains precipitated crystals with a maximum 
grain size not greater than 5ujti and a glass phase at a ratio of 1 0 to 85 vol%, and which has a softening point lower 
than a melting point of a predominant precipitated crystal, and a property such that crystallization does not substantially 
progress even when heated at a temperature higher than the softening point, and performing draw forming by heating 
the preform to a temperature higher than the softening point. 

Brief Description of the Drawing: 

[0016] Fig. 1 is a view illustrating the redraw forming. 

Best Mode for Embodying the Invention: 

[001 7] A crystallizable glass has a property of precipitating, when crystallized, crystals having a maximum grain size 
not greater than 5\xm, preferably, within the range between 0.02 and 2um 

[0018] When the maximum grain size of the precipitated crystals exceeds 5jim, elongation caused by the redraw 
forming considerably decreases and the crystals protrude from a surface. This results in occurrence of undesirable 
devitrification and considerably deteriorates the dimensional accuracy and the material properties. 
[0019] A glass phase ratio after crystallization is 10 - 85 vol%, preferably, 20 - 65 vol%. When the glass phase is 
less than 10 vol%, it is difficult to obtain a softening characteristic sufficient for the redraw ' forming. When the glass 
phase is more than 85 vol%, the characteristic as a crystallized glass tends to be deteriorated because the amount of 
the crystals is decreased. 

[0020] The crystallizable glass will become, when crystallized, the crystallized glass having a softening point lower 
than a melting point of the predominant precipitated crystal. When the softening point is lower than the melting point, 
the redraw forming is applicable at a temperature lower than the melting point. In this event, the crystals still remain 
after forming so thatforming can becarried out with the characteristic as the crystallized glass maintained. The softening 
point and the crystal melting point of the crystallized glass can be measured by the differential thermal analysis (DTA). 
A crystallized glass whose softening point can not be detected by the differential thermal analysis is a crystallized glass 
having a nature such that crystallization progresses by heating or that no softening is caused because of a too small 
ratio of the glass phase. Such crystallized glass is impossible to be formed by redrawing.. 

[0021] The crystallized glass according to the present invention is produced by crystallizing the crystallizable glass 
of the above-mentioned property. In addition, the crystallized glass according to the present invention has, as a further 
important characteristic to enable the redraw forming, a nature such that crystallization does not substantially progress 
even when heated to a temperature higher than the softening point. In case of the crystallized glass which tends to be 
readily crystallized, precipitation of coarse crystals (undesirable devitrification) will be concentrated on the surface, 
because a surface newly produced by the redraw forming has a free energy higher than that of the inside. This results 
in difficulty of forming and considerable deterioration of dimensional accuracy or material property of a formed product 
The above-mentioned nature is not uniquely determined by the characteristic of the crystallizable glass used but also 
depends upon the conditions of the crystallization. In the present invention, the nature such that crystallization does 
not substantially progress means that the increase in crystal phase will be smaller than 5 vol%, preferably smaller than- 
1 vol%, even when reheated and held at a temperature higher than the softening point after being crystallized. 
[0022] A crystallized glass article according to the present invention is manufactured by the use of the crystallizable 
glass or the crystallized glass having the above-described characteristics. 

[0023] As far as the crystallizable glass or the crystallized glass has the above-described characteristics, the pre- 
cipitated crystals or glass compositions are not specifically limited. The kinds of the precipitated crystals should be 
selected in dependence upon the purposes and the applications. Following this selection, the glass compositions are 
determined also. For example, when a low-thermal-expansion crystallized glass is required, it is preferred to use a 
Li 2 O-AI 2 0 3 -Si0 2 crystallizable glass having a property of predominantly precipitating the crystal of p -quartz solid so- 
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lution or p -spodumene solid solution, or a U 2 0-Al 2 0 3 -Si0 2 crystallized glass formed by crystallization of the above- 
mentioned crystallizable glass. 

[0024] Now, the crystallizable glass and the crystallized glass of the above-mentioned type will be described. 
[0025] The Li 2 O-AI 2 0 3 -SiO 2 crystallizable or crystallized glass preferably has a composition consisting essentially, 
5 by weight percent, of 55-72% (preferably, 62-68.5%) Si0 2 , 16-30% (preferably, 17-24%) Al 2 0 3 , 1.5-3% (preferably! 
1.8-2.8%) Li 2 O f and 1-10% (preferably, 2.1-7%) K2O. 
[0026] The ratio of each component is restricted by the following reasons. 

[0027] Si0 2 is a main component of the glass and also a crystal component. When the content of Si0 2 is less than 
55%, crystallized glass of a uniform structure can not be obtained. On the other hand, the content more than 72% 
10 raises the softening point of the crystallized glass and deteriorates the meltability upon melting the glass to result in a 
nonuniform condition. In this event, partial devitrification easily takes place so that the crystallized glass is considerably 
decreased in the redraw formability. 

[0028] Al 2 0 3 also is a crystal component. The content less than 1 6% will cause coarse crystals which considerably 
deteriorate the redraw formability of the crystallized glass. On the other hand, the content more than 30% will cause 

*5 easy devitrification when the crystallized glass is subjected to the redraw forming. 

[0029] Li 2 0 is essential as a crystal component. The content less than 1 .5% makes it difficult to obtain a uniform 
crystallized glass. With the content more than 3%, the crystallizing demand of the glass becomes too strong. As a 
result, the ratio of the glass phase in the crystallized glass is insufficient and the crystallization easily progresses in 
the redraw forming process of the crystallized glass. 

20 [0030] K 2 0 is an essential component for control ling the crystallizing demand of the glass and has a serious influence 
upon the ratio of the glass phase and the softening point of the crystallized glass. Specifically, when the content of K 2 0 
is less than 1 %, the crystallizing demand of the glass becomes so strong to make the ratio of the glass phase insufficient 
and to raise the softening point of the crystallized glass. On the other hand, the content more than 1 0% makes it difficult 
to obtain the crystallized glass. 

25 [0031] In the above-mentioned composition, it is preferred to contain, in addition to the above-mentioned compo- 
nents, 1 -5% (preferably, 1 .5-4.5%) Ti0 2 , 0-4% (preferably, 1 .5-2.5%) Zr0 2 , the total amount of Ti0 2 and Zr0 2 being 
2-9% (preferably, 3-6%), 0-10% (preferably, 1.5-5%) ZnO, 0-2.5% (preferably, 0-1.5%) MgO, 0-4% (preferably, 0-1%) 
CaO, 0-6% (preferably, 0-3%) BaO, 0-7% (preferably, 0-4%) B 2 0 3 , 0-4% (preferably, 0-1 %) Na 2 O t and 0-8% (preferably, 
0-0.5%) P 2 O s . The ratio of each component is restricted by the following reasons, 

30 [0032] Ti0 2 and Zr0 2 are nucleation agents upon precipitation of the crystals and serve to minimize the grain size 
of crystals. When the total amount of the both components is less than 2%, it is difficult to obtain the fine crystals. On 
the other hand, when the total amount of the both components is more than 9% or when each content exceeds the 
upper limit of the above-mentioned range, the glass tends to be heterogenous. 

[0033] Each of ZnO, MgO, CaO, BaO, B 2 0 3 , and Na 2 0 is a component effective in lowering the softening point of 
35 the crystallized glass and can be added within the above-mentioned range. Beyond the above-mentioned range, dif- 
ferent kinds of crystals readily precipitate so that the undesirable devitrification occurs. 

[0034] P 2 0 5 serves to minimize the grain size of crystals. The content more than 8% results in easy occurrence of 
undesirable devitrification. 

[0035] Other components such as As 2 0 3 , Sb 2 0 3 , Sn0 2 , PbO, and Bi 2 0 3 can also be added within the range not 
40 more than 5% in total. 

[0036] Next, the description will proceed to a method of manufacturing a crystallized glass article according to the 
present invention by the use of the above-mentioned crystallizable glass. 

[0037] First of all, the crystallizable glass is shaped into a preform in the shape of a rod, a tube, a plate, or the like, 
which glass has a property of being transformed into the crystallized glass containing precipitated crystals with a max- 
45 imum grain size not greater than 5u.m and a glass phase at a ratio of 1 0-85 vol% and having a softening point lower 
than a melting point of the predominant precipitated crystal. 

[0038] The precipitated crystals or the glass compositions of the crystallizable glass are not specifically limited as 
far as the crystallizable glass can be transformed into the crystallized glass with the above-mentioned characteristics. 
The kinds of the precipitated crystals should be selected in dependence upon the purposes and the applications. 

50 Following this selection, the glass composition are determined also. For example, when a low-expansion crystallized 
glass is required, it is preferred to use a crystallizable glass having a property of predominantly precipitating (J - quartz 
solid solution or p -spodumene solid solution as a predominant crystal phase. The crystallizable glass of this kind 
preferably has a composition consisting essentially, by weight percent, of 55-72% Si0 2 , 14-30% Al 2 0 3 , 1 .5-3% Li 2 0, 
and 1 -10% K 2 0. In addition, the composition desirably contains 1 -5% Ti0 2 , 0-4% Zr0 2 , 2-9% Ti0 2 + Zr0 2 , 0-1 0% ZnO, 

55 0-2.5% MgO, 0-4% CaO, 0-6% BaO, 0-7% B^, 0-4% Na 2 0, and 0-8% P 2 0 5 . 

[0039] Subsequently, the crystallizable glass preform is crystallized. The crystallization is desired to be performed 
so that the further crystallization does not substantially progress to reheating thereafter. This is because the surface 
newly produced by the redraw forming has a free energy higher than that of the inside. When the crystallization easily 
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progresses, precipitation of the coarse crystals (undesirable devitrification) will be concentrated on the surface. This 
results in difficulty of redraw forming and considerable deterioration of dimensional accuracy and material property of 
the formed product. Herein, "the crystallization does not substantially progress" means that the increase in crystal 
phase will be smaller than 5 vol%, preferably smaller than 1 vol%, even when reheated and held at a temperature 
higher than the softening point after the crystallization. 

[0040] Thereafter, the crystallized glass thus obtained is subjected to draw forming by heating it to a temperature 
higher than the softening point, and then cut in a desired length. In this manner, the crystallized' glass article formed 
by the redrawing in the shape of a thin rod, a narrow tube, or a thin plate can be obtained. 

[0041 J The step of crystallization of the crystal lizable glass and the subsequent step of the draw forming may be 
independently carried out, or continuously carried out in a single step by appropriate adjustment of a temperature 
schedule. 

[0042] Now, description will proceed to a method of manufacturing a crystallized glass article according to the present 
invention by the use of the above-mentioned crystallized glass. 

[0043] First of all, the crystallized glass is shaped into a preform in the shape of a rod, a tube, a plate, or the like, 
which contains precipitated crystals with a maximum grain size not greater than 5ujti and a glass phase at a ratio of 
1 0 to 85 vol%, and which has a softening point lower than a melting point of the predominant precipitated crystal, and 
a property such that crystallization does not substantially progress even when heated at the temperature higher than 
the softening point. 

[0044] The precipitated crystals or the glass compositions of the crystallized glass are not specifically limited as far 
as the crystallized glass has the above-mentioned characteristics. The kinds of the precipitated crystals should be 
selected in dependence upon the purposes and the applications. Following this selection, the glass composition is also 
determined. For example, when a low-expansion crystallized glass is required, it is preferred to use a crystallized glass 
having a property of predominantly precipitating p-quartz solid solution or p -spodumene solid solution as a predominant 
crystal phase. 

[0045] The crystallized glass of this kind preferably has a composition consisting essentially, by weight percent, of 
55-72% Si0 2l 1 4-30% Al 2 0 3 , 1 .5-3% Li 2 0, and 1 -1 0% K 2 0. In addition, the composition desirably contains 1 -5% 710 2 , 
0-4% Zr0 2 , 2-9% Ti0 2 + Zr0 2 , 0-1 0% ZnO, 0-2.5% MgO, 0-4% CaO, 0-6% BaO, 0-7% B 2 0 3( 0-4% Na 2 0, and 0-8% 

[0046] Thereafter, the crystallized glass preform is heated to a temperature higher than the softening point to be 
formed by drawing, and then cut in a desired length. In this manner, the crystallized glass article is formed in the shape 
of a thin rod, a narrow tube, or a thin plate can be obtained by redraw forming. 

[0047] Next, description will be made in detail as regards examples of manufacturing the glass according to the 
present invention. 

[0048] Table 1 and Table 2 show samples Nos. 1-6 according to the present invention and comparative samples 
Nos. 7-9. 

[0049] Each of the samples Nos. 1-3 of the present invention was manufactured in the manner described in the 
following. At first, a batch of glass materials was prepared to have a composition illustrated in Table and fed into a 
glass melt furnace. The batch was melted at 1650 °C for 24 hours and then cast into a cylindrical shape having a 
diameter of 50mm and a length of 500mm. Subsequently, by the use of the diamond tool, the periphery of the crystal- 
lizable glass was ground to improve the roundness. Thus, a preform having a diameter of 40mm was obtained. There- 
after, the preform was heated in an electric furnace for crystallization. The crystallization was carried out for 4 hours 
at each of the nucieation temperature and the crystal growth temperature which are shown in Table 1 and Table 2. 
[0050] Each of the samples Nos. 4-6 of this invention and the comparative samples Nos. 7-9 was manufactured in 
the manner described in the following. At first, the crystallizable glass was formed into a cylindrical shape having a 
diameter of 50mm and a length of 500mm in the manner similar to that described in the foregoing. Subsequently, the 
crystallizable glass was heated in the electric furnace for crystallization. Thereafter, by the use of the diamond tool, 
the periphery of the crystallized glass was ground to improve the roundness. Thus, a preform having a diameter of 
40mm, was obtained. 

[0051] The crystallized glass preform thus obtained was subjected to measurement of the types and the maximum 
grain sizes of precipitated crystals, the ratio of a glass phase, a melting point of a predominant crystal, and a softening 
point of the crystallized glass. In addition, after heating for one hour at the temperature which is 70 °C higher than the 
softening point or 50-1 50 °C lower than the melting point of the predominant crystal, the ratio of the glass phase was 
again measured. The measured data are shown in Table 3 and Table 4. 

[0052] Referring to Fig. 1 , the preform G was continuously fed into an annular electric furnace 11 from the above 
with a rate of 5mm/min. At this time, the lower end of the preform which is softened and deformed to extend downward 
is pressed between rollers 12 to be drawn into a thin rod having a diameter of 2.5mm at a rate of 1280 mm/min. The 
formability in this process was evaluated. In Fig. 1 , a reference symbol g represents the crystallized glass which has 
been drawn. The redraw forming was carried out at the temperatures shown in Table 3 and Table 4. The results of the 
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evaluation on the respective samples are shown in Table 3 and Table 4. 

Tabie 1 
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1 


2 


3 


4 


5 


15 




sio 2 


58.8 


66.3 


67 . 4 


64.3 


65.9 






A1 2 0 3 


24.5 


18.2 


16.6 


18.0 


18.2 






Li 2 0 


2.8 


2.3 


2.3 


2.5 


2.0 ' 


20 




K 2 0 


7.0 


3.4 


3.5 


5.0 


3.4 




GLASS 


Ti0 2 


2.8 


1.8 


3.0 


.3.0 


1.5 


25 


COMPOSITION 
(wt%) 


Zr0 2 
ZnO 


3.2 


1.8 
3.1 


1.8 
2.0 


2.0 
3.1 


1.8 
3.6 






MgO 


- 


1.0 


1.0 


1.0 


1.5 


30 




CaO 








n a 
U . 4 


U . b 






BaO 


- 


- 




0.5 


1.4 


35 




B 2°3 
Na 2 0 


0.4 


- 


2 . 0 


- 


- 


40 




P 2°5 
AS 2°3 


0.5 




0.4 


0.2 


0.1 






Bi 2 0 3 




2.1 








45 


















CRYSTALLIZING 
CONDITION CC ) 












50 


NUCLEATION 
TEMPERATURE 


780 


780 


790 


780 


780 


55 L 


CRYSTAL GROWTH 
TEMPERATURE 


1000 


1000 


980 


1050 


1000 
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Table 2 
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10 
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57.8 


65.5 


65.5 


69.9 


15 




Al 2°3 


24.6 


22.3 


22.3 


13.2 






Li 2 0 


2.7 


4.0 


4.0 


2.4 






K 2 0 


7.0' 


0.3 


0.3 


3.6 


on 


GLASS 


Ti0 2 


2.8 


2.2 


2.2 


1.8 




COMPOSITION 


Zr0 2 


3.2 


2.0 


2.0 


1.8 


25 


(Wt%) 


ZnO 


1.0 


- 


- 


3.2 






MgO 


- 


1.0 


1.0 


1.2 


30 




CaO 




™~ 


~~ 


0.8 






BaO 














B 2°3 










35 




Na 2 0 


0.4 


0 . 5 


0 . 5 








P 2°5 




1.7 


1.7 


0.4 


40 




As 2°3 


0.5 


0.5 


0.5 








Bi 2 0 3 










45 


CRYSTALLIZING 
CONDITION (°C ) 












50 


NUCLEATION 
TEMPERATURE 




780 


790 


790 


780 




CRYSTAL GROWTH 
TEMPERATURE 


1000 


880 


1000 


1050 



55 
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Table 3 



^\SAMPLE 
^^{0. 


1 


2 


3 


4 


5 


RATIO OF GLASS 
PHASE 












BEFORE HEATED 
(vol*) 


65 


40 


30 


35 


30 


AFTER HEATED 
(vol*) 


85 


50 


35 


60 


40 


PREDOMINANT 

PRECIPITATED 

CRYSTAL 


& -quartz 

solid 

solution 


& -spodumene 

solid 

solution 


£ -spodumene 

solid 

solution 


$ -spodumene 

solid 

solution 


£ -spodumene 

solid 

solution 


MAXIMUM 
CRYSTAL GRAIN 
SIZE (urn) 


0.1 


1.0 


2.5 


0.3 


0.5 


MELTING POIOT 
Ur rKfcUUnlNANI 
PRECIPITATED 
CRYSTAL CC) 




1200 


1200 


1170 


1200 


SOFTENING POINT 
CC) 


1010 


1080 


1070 


1050 


1080 


REDRAW 

FORMABILITY " 












HEATING 
TEMPERATURE 

CC) 


1080 


1150 


1140 


1120 


1150 


ELONGATION 


good 


good 


good 


good 


good 


PRESENCE OF 
DEVITRIFIED 
PORTIONS 


no 


no 


no 


no 


no 
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Table 4 
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SAMPLE 


6 


7 


8 


9 


10 


RATIO OF GLASS 
PHASE 










15 


BEFORE HEATED 
(vol*) 


65 


30 


3 


30 




AFTER HEATED 
(vol*) 


85 


5 


3 


25 


20 


PREDOMINANT 

PRECIPITATED 

CRYSTAL 


B -quartz 

solid 

solution 


& -quartz 

solid 

solution 


£ -spoduraene 

solid 

solution 


0 -spodiunene 

solid 

solution 


25 


MAXIMUM 
CRYSTAL GRAIN 
SIZE (fim) 


0.2 


0.05 


1.5 


15.0 


30 

35 


MELTING POINT 
OF PREDOMINANT 
PRECIPITATED 
CRYSTAL (°C) 


1140 


1300 


1300 


1200 




SOFTENING POINT 
(°C) 


1000 


immeasu- 
rable 


immeasu- 
rable 


1080 


40 


REDRAW 
FORMABILITY 








■ •• * 


45 


HEATING 

TEMPERATURE CO 


1080 


1150 


1250 


1150 


50 
55 


ELONGATION 


good 


no good 


no good 


no good 


PRESENCE OF 
DEVITRIFIED 
PORTIONS 


no 


yes 


no 


yes 
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[0053] As is apparent from Tables, each of the samples Nos. 1 -6 of the present invention contained precipitated 
crystals with a maximum grain size not greater than 2.5 \wn and a glass phase at a ratio of 20-65 vol%. In addition, 
each of the samples Nos. 1-6 of the present invention had a softening point lower than the melting point of the pre- 
dominant precipitated crystal. After heating, the glass phase was increased by 5-25 vol%. This means that the crys- 
5 tallization did not progress at all. In evaluation for the redraw formability, all of these samples exhibited excellent form- 
ability. 

[0054] On the other hand, when the comparative sample No. 7 was heated, the ratio of the glass phase decreased 
by 25 vol%. This shows that the crystallization progressed extremely. The softening point could not be measured 
because the crystallization extremely progressed when heated. This sample was evaluated for the formability. As a 
io result, the glass was broken during the drawing process and a large number of devitrified portions were observed on 
the surface. 

[0055] For the comparative sample No. 8, the softening point could not be measured because of the extremely small 
ratio of the glass phase. In evaluation of the formability of this sample, drawing was impossible because of insufficient 
softening and deformation. 

15 [0056] The comparative sample No. 9 contained coarse crystal particles. In evaluation of the formability, the glass 
was broken during the drawing process. In addition, undesirable devitrification was remarkable. 
[0057] The type of the predominant precipitated crystal was identified by the use of the X-ray diffraction analysis 
(XRD) . The maximum grain size of the precipitated crystal and th e ratio of the glass phase were measu red by a scan n ing 
electron microscope (SEM). The melting point of the predominant precipitated crystal and the softening point of the 

20 crystallized glass were measured by a differential thermal analysis (DTA) for those samples in the form of powder not 
greater than 150 mesh. The redraw formability (the elongation and presence of the undesirable devitrification) was 
evaluated in the following manner. 

[0058] In absence of breakage of the glass during the redraw forming, the elongation is indicated good. On the other 
hand, when the interruption was caused or no elongation was observed, the elongation is indicated no good. As for 
25 the devitrified portions, the surface of each sample after the forming process was visually observed. The samples are 
labelled no and yes when the undesirably devitrified portions were not observed and were observed, respectively. 
[0059] As described above, the crystallizable glass of this invention is crystallized into the crystallized glass which 
can be shaped by the redraw forming. 

[0060] The crystallized glass according to the present invention does not require the machining process similar to 
30 that used for ceramics because the redraw forming is possible. Therefore, it is possible to provide the formed articles 
with high precision at low cost. 

[0061] The crystallized glass article according to the present invention is high in the dimensional accuracy and can 
be provided at low cost. Such article is suitable for use as electronics parts, precision machine parts, and the like. 
[0062] Moreover, according to the method of the present invention, it is possible to provide the crystallized glass 
35 article with high dimensional accuracy at low cost. This method is therefore suitable for use in manufacturing the 
crystallized glass which is used as the electronics parts, precision machine parts, or the like. 

Industrial Applicability: 

40 [0063] As described above, the crystallizable glass can produce the crystallized glass which can be shaped by the 
redraw forming. The crystallized glass article manufactured by the use of the crystallized glass is suitable as the elec- 
tronics parts, precision machine parts, or the like. 



45 Claims 

1 . A crystallized glass characterized by containing precipitated crystals with a maximum grain size not greater than 
5\im and a glass phase at a ratio of 10 to 85 vol%, said crystallized glass having a softening point lower than a 
melting point of the predominant precipitated crystal, said crystallized glass having a property such that crystalli- 

so zation does not substantially progress even when heated at a temperature higher than the softening point. 

2. A crystallized glass as claimed in claim 1 , characterized in that the predominant precipitated crystal is P -quartz 
solid solution or p -spodumene solid solution. 

5 5 3. A crystallized glass as claimed in claim 1 or 2 characterized by a composition consisting essentially, by weight 
percent, of 55-72% Si0 2 , 1 6-30% Al 2 0 3 , 1 .5-3% Li 2 0, 1-10% K 2 0, 1 -5%Ti0 2 , 0-4% Zr0 2 , 2-9% T10 2 +ZrO 2 , 0-1 0% 
ZnO. 0-2.5% MgO, 0-4% CaO, 0-6% BaO, 0-7% B^, 0-4% Na 2 0, and 0-8% P 2 0 5 . 
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4. A crystallized glass article characterized by being formed by drawing a crystallized glass which contains precip- 
itated crystals with a maximum grain size not greater than 5u.m and a glass phase at a ratio of 10 to 85 vol%, and 
which has a softening point lower than a melting point of the predominant precipitated crystal, and a property such 
that crystallization does not substantially progress even when heated at a temperature higher than the softening 
point. 

5. A crystallized glass article as claimed in claim 4, characterized in that the predominant precipitated crystal is (5 
-quartz solid solution or p -spodumene solid solution. 

6. A crystallized glass article as claimed in claim 4 or 5, characterized by a composition consisting essentielly, by 
weight percent, of 55-72% Si0 2 . 1 6-30% Al 2 0 3> 1 .5-3% Li 2 0, 1 -1 0% K 2 0, 1 -5% TiO a , 0-4% ZrQ 2 , 2-9% TI0 2 +Zr0 2 , 
0-10% ZnO, 0-2.5% MgO, 0-4% CaO, 0-6% BaO, 0-7% B2O3, 0-4% Na^O. and 0-8% P 2 0 5 . 

7. A method of manufacturing a crystallized glass article, comprising the steps of preparing a preform of a crystalliz- 
able glass having a property of being transformed into a crystallized glass which contains precipitated crystals with 
a maximum grain size not greater than 5u.m and a glass phase at a ratio of 1 0 to 85 vol%, and which has a softening 
point lower than a melting point of a predominant precipitated crystal, then crystallizing and performing draw forming 
by heating it to a temperature higher than the softening point, 

8. A method of manufacturing a crystallized gjass article as claimed in claim 7, characterized by using crystal I izable 
glass having a property of precipitating, as the predominant precipitated crystal, (J -quartz solid solution or 0- 
spodumene solid solution. 

9. A method as claimed in claim 7 or 8, characterized by using a crystal lizable glass having a composition co nsisting 
essentially, by weight percent, of 55-72% Si0 2 , 1 6-30% Al 2 0 3 , 1 .5-3% Li 2 0, 1 -1 0% K 2 0, 1 -5% Ti0 2 , 0-4% Zr0 2 , 
2-9% Ti02+Zr0 2 , 0-10% ZnO, 0-2.5% MgO, 0-4% CaO, 0-6% BaO, 0-7% B 2 0 3 , 0-4% Na 2 0, and 0-8% P 2 0 5 . 

10. A method of manufacturing a crystallized glass article, comprising the steps of preparing a preform of a crystallized 
glass which contains precipitated crystals with a maximum grain size not greater than S^im and a glass phase at. 
a ratio of 10 to 85 vol%, and which has a softening point lower than a melting point of the predominant precipitated 
crystal, and a property such that crystallization does not substantially progress even when heated at a temperature 
higher than the softening point, and performing draw forming by heating it to a temperature higher than the softening 
point. 

1 1 . A method of manufacturing a crystallized glass article as claimed in claim 1 0, characterized by using a crystallized 
glass in which the predominant precipitated crystal is p -quartz solid solution or 0 -spodumene solid solution. 

12. A method of manufacturing a crystallized glass article as claimed in claim 10 or 11, characterized by using a 
crystallized glass having a composition consisting essentially, by weight percent, of 55-72% Si0 2 , 1 6-30% Al 2 0 3 , 
1 .5-3% Li 2 0, 1 -1 0% K 2 0, 1 -5% Ti0 2 , 0-4% Zr0 2 , 2-9% Ti0 2 +Zr0 2 , 0-10% ZnO, 0-2.5% MgO, 0-4% CaO, 0-6% 
BaO, 0-7% B 2 0 3 , 0-4% Na 2 0, and 0-8% P 2 0 5 . 



Patentanspruche 

1 . Kristallisiertes Glas, dadurch gekennzeichnet, daB es ausgefallte Kristalle mit einer maximalen KorngroBe von 
nicht mehr als 5 urn und eine Glasphase in einem Verhaltnis von 10 bis 85 VoL-% enthalt, wobei das kristallisierte 
Glas einen Erweichungspunkt aufweist, der unter dem Schmelzpunkt des vorherrschenden ausgefallten Kristalls-. 
liegt, und wobei das kristallisierte Glas die Eigenschaft besitzt, dafl die Kristallisierung auch dann nicht wesentlich . 
voranschreitet, wenn das Glas auf eine Temperatur erwarmt wird, die uber dem Erweichungspunkt liegt. 

2. Kristallisiertes Glas nach Anspruch 1 , dadurch gekennzeichnet, daB es sich bei dem vorherrschenden ausge-. 
fatlten Kristall urn ein Beta-Quarz-Mischkristall oder ein Beta-Spodumen-Mischkristall handelt. 

3. Kristallisiertes Glas nach Anspruch 1 oder 2, dadurch gekennzeichnet, daB das Glas im wesentlichen aus 55 - 
72 Gew.-% Si0 2 , 16-30 Gew.-% Al 2 0 3 , 1,5-3 Gew.-% Li 2 0, 1 - 10 Gew.-% K 2 0, 1 - 5 Gew.-% Ti0 2 , 0 - 4 Gew.- 
% Zr0 2 , 2 - 9 Gew.-% Ti0 2 + Zr0 2 , 0-10 Gew.-% ZnO, 0 - 2,5 Gew.-% MgO, 0 - 4 Gew.-% CaO, 0 - 6 Gew.-% 
BaO, 0 - 7 Gew.-% B 2 0 3 , 0 - 4 Gew.-% Na 2 0 und 0 - 8 Gew.-% P 2 O s zusammengesetzt ist. 
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4. Gegenstand aus kristallisiertem Glas, dadurch gekennzeichnet, daB der Gegenstand durch Ziehen aus einem 
kristallisierten Glas geformt wird, das ausgefallte Kristalle mit einer maximalen KomgroBe von nicht mehr als 5 
p.m und eine Glasphase in einem Verhaltnis von 10 bis 85 Vol.-% enthalt, dessen Erweichungspunkt unter dem 
Schmelzpunkt des vorherrschenden ausgefallten Kristalls liegt und das die Eigenschaft aufweist, daB die Kristal- 

5 lisieaing auch dann nicht wesentlich voranschreitet, wenn das Glas auf eine Temperatur erwarmt wird, die uber 

dem Erweichungspunkt liegt. 

5. Gegenstand aus kristallisiertem Glas nach Anspruch 4, dadurch gekennzeichnet, daB es sich bei dem vorherr- 
schenden ausgefallten Kristall urn ein Beta-Quarz-Mischkristall oder ein Beta-Spodumen-Mischkristall handelt. 

10 

6. Gegenstand aus kristallisiertem Glas nach Anspruch 4 oder 5, dadurch gekennzeichnet, daB er im wesentlichen 
aus 55 - 72 Gew.-% Si0 2 , 1 6 - 30 Gew.-% Al 2 0 3 , 1 ,5 - 3 Gew.-% Li 2 0, 1-10 Gew.-% KgO, 1 - 5 Gew.-% Ti0 2 , 0 
- 4 Gew.-% Zr0 2 , 2 - 9 Gew.-% Ti0 2 4- Zr0 2 , 0-10 Gew.-% ZnO, 0 - 2,5 Gew.-% MgO, 0 - 4 Gew.-% CaO, 0 - 6 
Gew.-% BaO, 0 - 7 Gew.-% B 2 0 3 , 0 - 4 Gew.-% Na 2 0 und 0 - 8 Gew.-% P 2 0 5 zusammengesetzt ist. 

15 

7. Verfahren zur Herstellung eines Gegenstands aus kristallisiertem Glas, enthaltend die folgenden Verfahrensschrit- 
te: Bereitsteilen eines Vorformlings aus einem kristall is ierbaren Glases, welches die Eigenschaft aufweist, daB es 
sich in ein kristall isiertes Glas umwandeln laBt, das ausgefallte Kristalle mit einer maximalen KomgroBe von nicht 
mehr als 5 urn und eine Glasphase in einem Verhaltnis von 1 0 bis 85 Vol,-% enthalt und dessen Erweichungspunkt 

20 unter dem Schmelzpunkt eines vorherrschenden ausgefallten Kristalls liegt, sowie darauffolgendes Kristallisieren 

und Durchfuhren einer Ziehformung durch Erwarmen des Glases auf eine Temperatur, die uber dem Erweichungs- 
punkt liegt. 

8. Verfahren zur Herstellung eines Gegenstands aus kristallisiertem Glas nach Anspruch 7, gekennzeichnet durch 
25 die Verwendung eines kristallisierbaren Glases, das die Eigenschaft aufweist, daB es als vorherrschendes aus- 

gefalltes Kristall ein Beta-Quarz-Mischkristall Oder ein Beta-Spodumen-Mischkristall ausfallt. 

9. Verfahren nach Anspruch 7 oder 8, gekennzeichnet durch die Verwendung eines kristallisierbaren Glases, das 
im wesentlichen aus 55 - 72 Gew.-% Si0 2 , 1 6 - 30 Gew.-% Al 2 0 3 , 1 ,5 - 3 Gew.-% Li 2 0, 1-10 Gew.-% K 2 0, 1 - 5 

30 Gew.-% 7i0 2 , 0 - 4 Gew.-% Zr0 2 , 2 - 9 Gew.-% 710 2 + Zr0 2 , 0-10 Gew.-% ZnO, 0 - 2,5 Gew.-% MgO, 0 - 4 Gew.- 

% CaO, 0 - 6 Gew.-% BaO, 0 - 7 Gew.-% B 2 0 3 , 0 - 4 Gew.-% Na 2 0 und 0 - 8 Gew.-% P 2 O s zusammengesetzt ist. 

1 0. Verfahren zur Herstellung eines Gegenstands aus kristallisiertem Glas, enthaltend die folgenden Verfahrensschrit- 
te: Bereitsteilen eines Vorformlings aus einem kristallisierten Glas, das ausgefallte Kristalle mit einer maximalen 

35 KomgroBe von nicht mehr als 5 u.m und eine Glasphase in einem Verhaltnis von 1 0 bis 85 Vol.-% enthalt, dessen 

Erweichungspunkt unter dem Schmelzpunkt des vorherrschenden ausgefallten Kristalls liegt und das die Eigen- 
schaft besitzt, daB die Kristallisierung auch dann nicht wesentlich voranschreitet, wenn das Glas auf eine uber 
dem Erweichungspunkt liegende Temperatur erwarmt wird, sowie Durchfuhren einer Ziehformung durch Erwarmen 
des Glases auf eine Temperatur, welche uber dem Erweichungspunkt liegt. 

40 

1 1 . Verfahren zur Herstellung eines Gegenstands aus kristallisiertem Glas nach Anspruch 1 0, gekennzeichnet durch 
die Verwendung eines kristallisierten Glases, in dem das vorherrschende ausgefallte Kristall aus Beta-Quarz- 
Mischkristall oder Beta-Spodumen-Mischkristall besteht. 

45 1 2. Verfahren zur Herstellung eines Gegenstands aus kristallisiertem Glas nach Anspruch 1 0 oder 1 1 , gekennzeich- 
net durch die Verwendung eines kristallisierten Glases, das im wesentlichen aus 55 - 72 Gew.-% Si0 2 , 16-30 
Gew.-% Al 2 0 3l 1 ,5 - 3 Gew.-% U 2 0, 1-10 Gew.-% K 2 0, 1 - 5 Gew.-% Ti0 2 , 0 - 4 Gew.-% Zr0 2 , 2 - 9 Gew.-% 
Ti0 2 + Zn0 2 , 0-10 Gew.-% ZnO, 0 - 2,5 Gew,-% MgO, 0 - 4 Gew.-% CaO, 0 - 6 Gew.-% BaO, 0 - 7 Gew.-% B 2 0 3 , 
0 - 4 Gew.-% Na 2 0 und 0 - 8 Gew.-% P 2 0 5 zusammengesetzt ist. 

50 

Revendications 

1. Verre cristallise, 
55 caracterise en ce qu 1 

il contient des cristaux precipites ayant une taille de grains maximum ne depassant pas 5 urn et une phase de 
verre dans un rapport de 10 a 85 % en volume, ce verre cristallise ayant un point de ramollissement inferieur au 
point de fusion du cristal precipite predominant, et ce verre cristallise ayant une propriete telle que la cristallisation 
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ne progresse pas notablement meme lorsqu'il est chauffe a une temperature plus elevee que le point de ramol- 
lissement. 

2. Verre cristallise selon la revendication 1 , 
5 caracterise en ce que 

le cristal precipite predominant est une solution solide de quartz-p ou une solution solide de spodumene-p. 

3. Verre cristallise selon Tune quelconque des revendications 1 ou 2, 
caracterise par 

10 une composition constitute essentiellement en pourcentage de poids, par 55-72 % de Si0 2> 1 6-30 % d'AI 2 0 3l 

1 ,5-3 % de Li 2 0, 1 -10 % de K 2 0, 1 -5 % de Ti0 2 , .0-4 % de Zr0 2 , 2-9 % de Ti0 2 + 2r0 2 , 0-1 0 % de ZnO, 0-2,5 % 
de MgO, 0-4 % de CaO, 0-6 % de BaO, 0-7 % de a>0 3l 0-4 % de N^O, et 0-8 % de P 2 0 5 . 

4. Article en verre cristallise 
15 caracterise en ce qu' 

il est forme par tirage d'un verre cristallise qui contient des cristaux precipites presentant une taille de grains 
maximum ne depassant pas 5 u,m, et une phase de verre dans un rapport de 10 a 85 % en volume, qui presente 
un point de ramollissement inferieur au point de fusion du cristal precipite predominant, et qui presente une pro- 
priety telle que la cristallisation ne progresse pas notablement mSme lorsqu'il est chauffe a une temperature plus 
20 elevee que le point de ramollissement. 

5. Article en verre cristallise" selon la revendication 4, 
caracterise en ce que 

le cristal precipite predominant est une solution solide de quartz-p ou une solution solide de spodumene-p. 

25 

6. Article en verre cristallise selon Tune quelconque des revendications 4 ou 5, 
caracterise par 

une composition constitute essentiellement, en pourcentages de poids, par 55-72 % de Si0 2 , 16-30 % d'AI 2 0 3 , 
1 ,5-3 % de Li 2 0, 1 -1 0 % de K 2 0, 1 -5 % de Ti0 2 , 0-4 % de Zr0 2 , 2-9 % de T10 2 + Zr0 2 , 0-1 0% de ZnO, 0-2,5 % 
30 de MgO, 0-4 % de CaO, 0-6 % de BaO, 0-7 % de B^, 0-4 % de Na 2 0, et 0-8 % de P 2 0 5 . 

7. Procede de fabrication d'un article en verre cristallise, 
comprenant les etapes consistant a : 

35 preparer une preforme d'un verre cristallisable ayant la propriete de se transformer en un verre cristallise qui 

contient des cristaux precipites presentant une taille de grains maximum ne depassant pas 5 urn, et 
une phase de verre dans un rapport de 10 a 85 % en volume, et qui presente un point de ramollissement 
inferieur au point de fusion d'un cristal predominant precipite, 

puis a faire cristailiser le verre et a effectuer un formage par tirage en le faisant chauffer a une temperature 
40 plus elevee que le point de ramollissement. 

8. Procedt de fabrication d'un article en verre cristallise selon la revendication 7, 
caracterise par 

I'utilisation d'un verre cristallisable ayant la propriete de precipiter, comme cristal precipite predominant, une so- 
« lution solide de quartz-p ou une solution solide de spodumene-p. 

9. Procede selon la revendication 7 ou 8, 
caracterise par 

I'utilisation d'un verre cristallisable ayant une composition constitute essentiellement, en pourcentages de poids, 
par 55-72 % de Si0 2 , 16-30 % d'AI 2 0 3 , 1,5-3 % de Li 2 0, 1-10 % de K 2 0, 1-5 % de Ti0 2 , 0-4 % de Zr0 2) 2-9 % 
de Ti0 2 + Zr0 2 , 0-1 0 % de ZnO, 0-2,5 % de MgO, 0-4 % de CaO, 0-6 % de BaO, 0-7 % de B 2 0 3> 0-4 % de Na 2 0, 
et 0-8 % de P 2 0 5 . 

10. Procede de fabrication d'un article en verre cristallise, 
55 comprenant les etapes constituant a : 

preparer une preforme d'un verre cristallise qui contient des cristaux precipites ayant une taille de grains 
maximum ne depassant pas 5 ujti, et une phase de verre dans un rapport de 1 0 a 85 % en volume, qui presente 
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10 



un point de ramollissement inferieur au point de fusion du cristal predominant et une propriete telle que la 
cristallisation ne progresse pas notablement merne lorsqu'il est chauffe a une temperature plus elevee que le 
point de ramollissement, et 

a effectuer un formage par tirage en le chauffant a une temperature plus elevee que le point de ramollissement. 

1 1 . Procede de fabrication d'un article en verre cristallise selon la revendication 1 0, 
caracterlse par 

I'utilisation d'un verre cristallise dans lequel le cristal precipite predominant est une solution solide de quartz -p ou 
une solution solide de spodumene-p. 



12. Procede de fabrication d'un article en verre cristallise selon I'une quelconque des revendications 10 ou 11, 
caracterise par 

I'utilisation d'un verre cristallise ayant une composition constitute essentiellement, en pourcentages de poids, par 
55-72 % de Si0 2 , 1 6-30 % d'AI 2 0 3 , 1 ,5-3 % de Li 2 0, 1 -1 0 % de K 2 0, 1 -5 % de 7i0 2 , 0-4 % de Zr0 2 , 2-9 % de 
« Ti0 2 + Zr0 2l 0-1 0 % de ZnO, 0-2,5 % de MgO, 0-4 % de CaO, 0-6 % de BaO, 0-7 % de B^, 0-4 % de Na 2 0, et 

0-8%deP 2 O 5 . 
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FIG- 1 
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